Despite the benefit of cardiac resynchronization therapy (CRT) in patients with heart failure and conduction delay, a considerable number of patients do not respond substantially. Left ventricular lead position is an important factor in response, restricted by the patient's specific anatomy and local pathophysiology. Quadripolar leads could enhance response to CRT, offering 4 pacing locations along the distal end of the lead. Several quadripolar leads are available, all with different shapes and electrode spacing. Electrodes can be positioned in an ideal pacing location, determined by delayed mechanical or electrical activation, and away from phrenic nerve stimulation, high pacing thresholds, and fibrosis. Implantation is safe, with comparable or even lower complication rates compared with standard bipolar leads.
C ardiac resynchronization therapy (CRT) has proven its benefit for a selection of heart failure patients by reducing mortality and morbidity, according to renewed guidelines (1, 2) .
CRT improves prognosis in patients with dilated cardiomyopathy by inducing reverse remodeling through electromechanical resynchronization. Unfortunately, a considerable proportion of patients (approximately 30% to 40%) show no significant response to CRT (1) . Suboptimal left ventricular (LV) lead position is an important factor for diminished CRT response (3) . Besides targeting of the posterolateral wall and avoiding apical segments, the optimal position depends on several patientspecific factors (4, 5) . Even if the ideal pacing location is known, lead placement in or near this location is difficult. Besides small and clinically irrelevant differences found in a small animal study (7) , the effect of steroids on the long-term performance of transvenous LV leads is unknown. Steroids are especially beneficial for the long-term impedance of screw-in leads. van Everdingen et al.
Quadripolar Leads in CRT
A U G U S T 2 0 1 5 : 2 2 5 -3 7 A quadripolar lead is wedged in a distal cardiac vein. The distal electrode (1) is positioned close to an area of myocardial infarction and an area of phrenic nerve stimulation, whereas 2, 3, and 4 are positioned near the optimal pacing site. The latter is possibly defined by electroanatomical mapping or speckle tracking echocardiography. IVC ¼ inferior vena cava; LV ¼ left ventricle; PNS ¼ phrenic nerve stimulation; RV ¼ right ventricle.
Quadripolar Leads in CRT contacts in the connector block of the device (8) . This issue needs to be resolved so that operators can select the preferred (quadripolar) lead for the target vessel and optimal pacing location, independent of the chosen device.
IMPLANTATION AND LONG-TERM USE
Implantation and long-term use of quadripolar leads seems safe (9) . Quadripolar leads have a lower complication rate compared with conventional bipolar leads ( Table 1 (Table 2) (3,18-20).
AVOIDING PNS
As the left phrenic nerve is located close to the posterolateral side of the pericardium, PNS in the conventionally targeted midposterior and lateral positions is a common finding (21). PNS due to LV pacing is seen in 13% to 33% of patients during CRT implantation with bipolar LV leads, with 10% requiring lead revision (22, 23) . Although programming of the pacing stimulus may overcome PNS, lead placement can be restricted (22) . Phrenic nerve involvement can also occur after implantation, due to lead dislodgement or intrathoracic displacement of the heart due to patient positioning (22) . Hypothetically, PNS may occur due to a changed anatomic position of the heart after reverse remodeling. As summarized in Table 1 , the percentage of PNS requiring lead revision is between 0.0% to 0.3% among quadripolar leads. A large, multicenter, prospective study showed a lower prevalence of PNS requiring lead revision among quadripolar leads compared with bipolar leads (11) . A lower amount of lead revisions means even fewer possible complications due to a second intervention, which is an important clinical benefit. van Everdingen et al. (3, 18) . Both studies found an increased benefit of the echocardiographic strategy on survival and echocardiographic response. Even in the control group, a large proportion of leads were placed concordant or adjacent. When lead positioning in both groups was compared to response, optimal placement was strongly associated with survival and response. Nevertheless, reaching the pre-defined target with bipolar leads can be difficult, as these trials showed that 10% to 15% of leads were placed remote from the intended area. Moreover, 7% to 23% of leads were placed apically, which was not part of the echocardiographic protocol. Quadripolar leads could facilitate imaging-guided lead placement, increasing the chance to reach the intended target. 
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ELECTROANATOMICAL-GUIDED PLACEMENT
Delayed activated segments can also be found by determining the delay in electrical depolarization. van Everdingen et al. 
OPTIMIZING PACING CONFIGURATION OF A QUADRIPOLAR LEAD
Several studies have assessed the effects of optimizing pacing configurations of a quadripolar lead ( Table 2) . Most studies focus on parameters for acute hemodynamic response, whereas only 1 reports results on short-or long-term response. other abbreviations as in Figure 3. van Everdingen et al. Table 2 ). The authors suggested that the favorable response could be attributed to the patients with ischemic cardiomyopathy, as MPP may have led to more homogenous electrical depolarization in ventricles with fibrotic tissue in these patients.
REMARKS ON REPORTED RESULTS
As can be appreciated from Table 2 The effect of MPP on nonresponders at 6-month follow-up will also be investigated. 
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